1. Systemic haemodynamics and kidney function were studied in the same dogs before and 14 days after choledochocaval anastomosis.
Introduction
Surgery in patients with obstructive jaundice is associated with increased risk of postoperative shock and acute renal failure as compared with findings with non-jaundiced patients [ 1-51. The relative importance of parenchymal liver damage versus cholaemia in causing the haemodynamic disturbance of obstructive jaundice has not been clarified. The purpose of the present investigation was to study the effect of isolated cholaemia (i.e. associated only with minimal hepatocellular damage) on systemic haemodynamics and kidney function in conscious dogs. A choledochocaval anastomosis (CDCA) preparation was used for this purpose.
These results were presented in abstract form to the 8th International Congress of Nephrology, Athens, 7-12 June 1981, 
Methods

Dogs
Two groups of mongrel female dogs weighing 17-22 kg were studied. Group A (n = 6) was used for investigation of the effect of CDCA on liver-function tests, plasma electrolytes, kidney function, systemic haemodynamics under basal conditions and during extracellular volume expansion. Group B ( n = 5) was utilized to study the effect of CDCA on plasma volume and 0143-5221/82/070059-06$01.50 @ 1982 The Biochemical Society and the Medical Research Society packed cell volume (haematocrit). Each animal was studied before and 2 weeks after CDCA, so that each dog served as its own control. The dogs were trained to undergo the studies standing quietly, lightly restrained by a harness. They were maintained on the same constant diet before and after the operation. For the construction of CDCA we used the technique described by Aylward et al. [61 with slight modification. In this procedure a polyethylene catheter (internal diameter 0.083 in) connects the choledochus with the vena cava via the left suprarenal vein [61. This allows total diversion of bile flow into the systemic venous circulation.
Glomerular filtration rate (GFR) and renal plasmaflow (RPF)
Glomerular filtration rate was measured by inulin clearance (C,,,) and renal plasma flow by p-aminohippurate clearance ( C , , , ) , with the standard techniques of priming and equilibration [71. Urine was collected from an indwelling catheter in the bladder and complete emptying of the bladder was assured at the end of each period by an air-wash. Blood samples were obtained at the midpoint of each clearance period of 20 min.
Water deprivation ( Urnax,)
Measurements of urine osmolalities were performed after 24 h of fluid deprivation on two separate occasions, before as well as after CDCA.
Water diuresis ( Urnin.)
The dogs were deprived of food but not of water for 16 h before the study. A water load equivalent to 5% of body weight was administered via an orogastric tube. Urine was collected from an indwelling catheter every 30 min for a period of 4 h. The lowest urinary osmolality measured was recorded.
Extracellular volume expansion (ECVE)
This was achieved by intravenous infusion of NaCl solution (150 mmol/l) at a constant rate of 50 ml h-' kg-' for 2 h. During the second hour two urine collections of 30 min each were performed and a blood sample was obtained at the midpoint of each collection. The GFR was measured by the method described before. Plasma and urine sodium concentrations were measured in order to calculate urinary sodium excretion (UN,V) and the fractional sodium excretion (FEN,) during peak ECVE.
Haemodynamic studies
On the day before the haemodynamic studies, the dogs were anaesthetized with an intravenous injection of 0.12 pmol of pentobarbitone/kg (30 mg/kg), and a catheter was inserted into the aorta through a femoral artery. The catheter was washed with heparin, 200 units/100 ml of sodium chloride solution (145 mmol/l), and the dogs were allowed to awaken and recover. On the day of the haemodynamic studies another catheter was placed into the right atrium via the right jugular vein. Haemodynamic studies in these animals were performed under basal conditions and immediately at the end of 2 h of ECVE as described above.
Both central venous pressure and arterial pressure were recorded with Statham model P23Db pressure transducers. Mean arterial pressure (MAP) was measured with an electronic integrator. The zero reference point for measurement of central venous pressure was taken at the mid-chest position. Cardiac output was measured by the dye-dilution technique by a bolus of 3.2 pmol (2.5 mg) of indocyanine green into the right atrium. Arterial blood was withdrawn through a Waters cuvette and densitometer system with the use of an Harvard constant withdrawal-infusion pump. The blood was reinfused into the dog. The values reported are averages of at least two successive determinations over less than 10 min. The curves were calculated by the classic Hamilton-Stewart technique [S, 91. The cardiac index (CI) was determined by dividing the cardiac output by body weight and was expressed in 1 min-' kg-'. Dye-dilution curves and pressures were recorded on an Electronics for Medicine DR-8 recorder. Total peripheral vascular resistance (TPVR) was calculated from the formula MAP/CI and is expressed in kPa I-* s kg-
Blood volume
The measurement of blood volume was carried out with 5'Cr-labelled erythrocytes by the technique described by Early ef al. [lo] . A portion (4.5 ml) of the dog's blood was obtained with a syringe containing 0.5 ml of citric acid/sodium citrate/glucose (ACD) solution and were immediately transferred to a sterile bottle containing 0.5 ml of ACD solution. To this was added 15 pCi of sodium [SICrlchromate. After half an hour of incubation at room temperature, 50 mg of ascorbic acid was added to the mixture. A portion (5 ml) of the standard solution was injected into a peripheral vein of the dog, and half an hour later 2 ml of blood was taken from a vein in another leg with a heparin-washed syringe. The radioactive contents of the whole blood and plasma of the standard and that of the venous blood sample were estimated with a scintillation well counter (Packard). Whole blood volume was subsequently calculated from the packed cell volume and erythrocyte volume. The body weight was determined on the morning of the experiment.
Pathological examination
Sections of the liver and kidneys of three dogs were examined by light microscopy immediately after completing the studies. The dogs were anaesthetized and wedge biopsies of the liver and kidneys were taken and fixed in formalin. The dogs were killed thereafter.
Blood and urine chemistry
Urine osmolality was determined cryoscopically with the use of the Fiske osmometer (model 130). Sodium and potassium concentrations in plasma and urine samples were measured by IL flame photometer. Bilirubin was determined by the modified van der Bergh reaction. Alkaline phosphatase and serum glutamic-oxaloacetic transaminase were analysed by the Gemsac centrifugal fast analyser and the Boehringer-Mannheim reagent kit. Albumin was determined on the Technicon dual channel autoanalyser with bromocresol green indicator, and the prothrombin time was assayed by Quick's one stage method.
The paired Student's t-test at the 5% probability level was used as a test of significance for each dog. All values are presented as the means f 1 SD.
Results
General
All dogs tolerated the operation well and the abdominal wound healed promptly. Clinical jaundice appeared within 48 h in every dog. Average weight loss 14 d postoperatively was 12.7 f. 8.3% (Table 1 ). The packed cell volume decreased during that period from a mean value Plasma sodium levels remained unchanged but the mean plasma potassium level declined from 4.4 0.3 mmol/l to 2.6 If: 0.6 mmol/l ( P < 0.001) ( only minimal changes were observed in serum glutamic-oxaloacetic transaminase and albumin levels as in prothrombin time ( Table 2) . The dogs of group B, which served for blood volume determination, had cholaemia of a degree similar to that of group A dogs.
The histological examination of the liver in three dogs showed normal architecture with marked cholestasis and accumulation of bile pigments in Kupffer cells. There were no signs of parenchymal damage or inflammatory response. In the kidney there was deposition of granular bile pigment within the cytoplasm of the tubular epithelial cells and bile casts inside the tubular lumen. No changes were noted in the glomeruli.
Kidney function after CDCA (Table 3)
Mean GFR and renal plasma flow as reflected by inulin and p-aminohippurate clearances respectively were unaffected by CDCA. In sharp contrast, maximal ability to concentrate the urine decreased after CDCA from a mean of 1911 f 322 to 711 k 137 mosmol/kg ( P < 0.001). Mean minimal urinary osmolality during hydration k 113 mosmol/kg in the jaundiced dogs (P <
0.05). Mean peak natriuresis (V,,V) during extracellular volume expansion decreased after
CDCA from 896 f 295 to 262 k 206 mmol/min (P < 0.001).
Haemodynamic studies
Effect of CDCA on basal systemic haemodynamics (Table 4 ) . Mean resting arterial blood pressure and total peripheral vascular resistance decreased after CDCA (from 118 k 8 to 98 k 13 mmHg, P < 0-005, and from 4073.8 & 620.0 to 3321.6 f 244.9 kPa 1-' s kg, P < 0.0 1, respectively). Mean basal cardiac index and central venous pressure were not changed by CDCA.
Response to extracellular volume expansion (Table 5 , Fig. 1) . ECVE increased MAP before and after CDCA. This pressor response was, however, blunted in the CDCA dogs (peak MAP during ECVE 159 k 16 vs 112 f 19 mmHg, P < Effect of CDCA on blood volume (Table 1) .
Mean absolute blood volume decreased after
CDCA from 1842 k 174 to 1516 f 289 ml (P < 0-05). However, since the body weight in the CDCA animals decreased in the same proportion, the mean blood volume per kilogram body weight did not change significantly postoperatively.
Discussion
The tendency of patients with obstructive jaundice to postoperative shock and acute renal 0.001). failure has not been adequately explained 151. The hypotension of obstructive jaundice could, theoretically, be due to decrease in cardiac output, or plasma volume, or total peripheral resistance or to their combination. The results of the present experiments in the conscious cholaemic dog locate the site of the impairment in systemic haemodynamics of cholaemia. Thus, in our model, the hypotension is due predominantly to a profound decrease in total peripheral vascular resistance (Table 4) . Cardiac output (Table 4) , and plasma volume corrected for body weight (Table l), are not affected by the cholaemia. Furthermore, the hypotension of cholaemia occurs in the absence of parenchymal liver damage (Table 2) , which, by itself, leads to inadequate arterial circulation and hypotension in patients with cirrhosis [ 111.
Despite the disturbance of systemic haemodynamics in the cholaemic dog, glomerular filtration rate and renal plasma flow remained normal (Table 3) . Tubulo-interstitial function was, however, altered during cholaemia. Thus maximal ability to concentrate and dilute the urine was impaired in our dogs. This was due, most probably, to the direct action of bile metabolites on tubulo-interstitial structures. The hypokalaemia in the CDCA dogs could have contributed to the hyposthenuria ( Table 2 ).
The cholaemic animals showed blunted pressor and natriuretic response to extracellular volume expansion (Tables 3, 5; Fig. 1) . Also, the increase in central venous pressure after volume challenge was lower in the cholaemic dogs (Table 5) . Taken in combination, the above suggest that isolated cholaemia interferes with volume regulation, perhaps by dilating the resistance vessels, and causing redistribution of blood volume from the arterial side to the capacitance vessels. The resulting discrepancy between the capacity of the vascular bed relative to the circulating volume would be the afferent stimulus for the antinatriuresis seen in the cholaemic dog [ 121.
The present study does not specify how the presence of bile constituents in the blood decreases total peripheral vascular resistance. In this connection, it is noteworthy that bile salts have positive ionotropic and negative chronotrophic effects on the heart 113, 141. Presumably, bile salts could interfere with the metabolism of the peripheral vessels.
The cholaemic dogs showed a tendency to hypokalaemia. Preliminary results in our laboratory demonstrated that this was due to activation of the renin-angiotensin-aldosterone axis. The stimulus for this activation was most probably the hypotension associated with cholaemia.
In summary, we have shown that isolated cholaemia leads to peripheral vasodilatation, hypotension and to impaired tubular kidney function. These are due to the presence of bile constituents in blood and are independent of anaesthesia, parenchymal liver damage, volume depletion or diminished cardiac output. In human patients with obstructive jaundice the cholaemia is often complicated by vomiting, cholangitis and parenchymal liver failure and anaesthesia. All these would aggravate the haemodynamic embarrassment specific to cholaemia and hence increase the postoperative susceptibility to acute renal failure. Our findings in the dog suggest that the patient with obstructive jaundice needs vigorous volume replacement in order to protect the circulation and the kidney during surgical intervention.
